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Abstract
Simulation-based education (SE) refers to the use of simulation software, tools, and
serious games to enrich the teaching and learning processes. Advances in both
computer hardware and software allow for employing innovative methodologies that
make use of SE tools to enhance the learning experience. Moreover, thanks to the
globalisation of e-learning practices, these educational experiences can be made
available to students from different geographical regions and universities, which
promotes the development of international and inter-university cooperation in
education. This paper provides a review of recent works in the SE subject, with a focus
on the areas of engineering, science, and management. It also discusses some
experiences in SE involving different European universities and learning models. Finally,
it also points out open challenges as well as noticeable trends.
Keywords: Simulation-based education, Higher education, E-learning, Engineering
education
Introduction
Students in sciences, technology, engineering, andmathematics (STEM) have to deal with
complex models of real-life systems. Regardless of whether these models refer to infras-
tructure systems, telecommunication networks, computer systems, or supply chains,
STEM students need to receive specialised training to make informed decisions that
affect complex systems with thousands of variables and interactions among their ele-
ments (Kutz et al. 2016). Moreover, real-life systems are usually subject to uncertainty
and dynamism, some of which are generated by the human component of the system
(Gruler et al. 2019). These aspects cannot be easily included in traditional analytical mod-
els, and typically require the use of simulation-based methodologies in coordination with
other techniques, such as heuristic-based optimisation and machine learning methods.
As pointed out in Juan et al. (2017), the use of simulation software, tools, and games
facilitates the practical understanding of these complex systems and allows students to
enhance their learning experience via the development of hands-on activities properly
designed by their instructors.
It is well documented in the literature that intrinsic motivation in learning activities
is strongly correlated with the outcome of the learning process (Gagne et al. 2005). By
promoting direct participation of students in their knowledge building, simulation-based
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education (SE) incentives intrinsicmotivation in the hands-on learning activities designed
by the instructors and developed under their supervision and guidance. Learning prac-
tices based on the use of SE software, tools, and games are receiving the attention of
academic and industrial partners, who see in SE a way to improve the training of their
students and future employees. Figure 1 shows the evolution, in Google Scholar citations,
of the term “simulation education” during the last two decades. Notice that the number
of citations has evolved from 47 in the year 2000 to 968 in 2018. Also, the Holt-Winters
exponential smoothingmethod (Montgomery et al. 2015) has been employed to complete
a forecast for the next few years. According to this forecast, the number of citations will
reach a level of approximately 1,200 by 2022. Although many articles study the impact
of SE methods in health-related degrees (Cant and Cooper 2017), works dealing with the
topic under the view of the STEM are still scarce. This work aims at contributing to close
this gap by focusing on the use of SEmethods in STEM-related programmes. In this paper,
we review some recent works on SE. From this review, several methodological practices,
benefits, and challenges are identified.
The paper also describes several case studies on the use of SE in different European
universities. These experiences include online as well as on-campus and blended learning
models. They are based on our own long-term experience in the area and cover different
universities, countries, and STEM degrees, as well as both blended and online learning
modes. All in all, the main contributions of this paper are: (i) a review of recent works
on SE applied to higher education; (ii) a series of examples on this usage, which covers
different universities, countries, learning modes, and STEM programmes; and (iii) a sum-
mary of the main trends and existing barriers regarding the use of SE. The remaining of
the paper is structured as follows: “Recent work on simulation-based education” section
Fig. 1 Evolution of the term “simulation education” in Google Scholar citations
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provides a short review of recent work on this topic; “Serious Games to Enrich the Lea-
rning Experience” section analyses how serious games can enrich the learning expe-
rience; “Benefits of simulation-based education” section focuses on the use of these
learning strategies in the context of STEM degrees; “A Case Study at the Universidad de
Cantabria (Spain)” section to “A case study at Trinity College Dublin (Ireland)” section
describe some illustrative examples in different universities from Spain, Ireland, and
Portugal; finally, “Conclusions and future work” section highlights the main findings of
this work.
Recent work on simulation-based education
Seminal ideas on the use of simulation software, tools, and games to enhance the teach-
ing and learning processes can be found in Schild (1968). In this section, however, we will
pay special attention to recent publications. For reviews on previous work, the reader is
referred to Nance (2000); Faria et al. (2009), and Bojičić-Petrov et al. (2012). Serving as
a complement for traditional teaching methods, simulation software and serious games
have been increasingly used as educational tools during the last decades (Costantino et al.
2012). The ongoing development of technology and programming languages have made
simulation an advanced tool that reflects real situations with a high precision degree
(Martin and McEvoy 2003). As noticed by Cai et al. (2016), SE and serious games are fre-
quently overlapping concepts. On the one hand, a game is a competition between several
players who aim at reaching a pre-established goal within a framework of rules and con-
straints. On the other hand, the term simulation usually refers to the computer-based
representation of real-life situations. Although simulation is frequently employed to anal-
yse complex systems, it can be also used to improve actors’ knowledge and skills through
experience. The simulation-based learning experience can be pedagogically designed as a
competition-based problem where actors should accomplish a series of interactive exer-
cises (Pasin and Giroux 2011). As indicated by Chapman andMartin (1995), the use of SE
can enhance capabilities such as teamwork, problem-solving, decision making, or critical
thinking. For instance, (Stanley and Latimer 2011) showed the effectiveness and suitability
of simulation games in the nursing field, where students improved those skills in clinical
practice scenarios. In some fields such as engineering, management, and science, SE has
been used for training and learning purposes (Deshpande and Huang 2011). An extensive
review on the use of serious games for management is provided in da Silva et al. (2019),
including the analysis of previous studies on the subject. Likewise, an overview of the SE
theoretical fundamentals can be found in Becker and Hermosura (2019).
In the context of STEM education, Riley (2012) remarks on the role of network simula-
tion tools both in research and practical applications. However, this author considers that
SE tools have not been fully incorporated as a key methodological element in networking
courses. The author analyses a personal experience on the use of the popular ns-3 network
simulator. Avramenko (2012) explains a case study in which business simulation is used
as a mean to reduce the gap between theory and practice, thus enhancing students’ skills
for employability. Alnoukari et al. (2013) consider the importance of SE in the training
of computer scientists. They discuss how simulation-based courses can provide students
with a training capacity that is not easy to reach by just using traditional laboratories.
Tvrdoň and Jurásková (2015) focus on the use of SE to teach courses on logistics and sup-
ply chain management. They describe their own experience in using the softwareWitness
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to facilitate the hands-on learning of advanced logistics concepts. Perera and Rupasinghe
(2015) discuss the lack of in-house supply chain experts in many enterprises. Accordingly,
the authors introduce a case study regarding the use of commercial simulation software
to train professionals in supply chain dynamics. Frantzén and Ng (2015) introduce a sim-
ulation software that models a conceptual factory. This software is specifically designed
to support training courses for both students and workers. The goal is that they focus
on learning how to analyse the modelled system. Haller et al. (2015) discuss the conve-
nience of using port vehicle simulators to train ports personnel, as well as the difficulties
to complete this training due to the elevated cost of high-quality port simulators.
In Mavinkurve and Patil (2016), the authors describe a case study related to the use
of an electronic circuit simulator in their engineering courses. According to their study,
the simulator helped students to increase their evaluation scores. Bach et al. (2017) give
examples of how simulation games can be effectively integrated into management-related
courses. Tao andWu (2017) provide an extensive review of commercial simulation games,
while Vlachopoulos andMakri (2017) analyse the influence of simulation games on higher
education. In particular, they study how these tools can help students to achieve their
learning objectives. Lawson and Leemis (2017) presents a simulation-education package
for the R statistical software. The authors propose to use the package in introductory sim-
ulation courses. Recognising the interdisciplinary importance of simulation, Ören et al.
(2017) discuss the benefits of SE in STEM disciplines. These authors highlight the role
of simulation as a tool for experiential learning and teaching via computer experiments
that imitate real-life situations. Bruzzone and Massei (2017) analyse the challenges and
opportunities that SE offers inmilitary training and related areas. Leathrum Jr et al. (2018)
propose increasing the cooperation between industrial and academic partners in order to
develop simulation-based laboratories that enhance the training of students and prepare
them better for their future professional activity. In their paper, they illustrate this concept
with a simulation laboratory that allows students to test the performance of autonomous
vehicles. McHaney (2018) introduces best practices regarding the use of SE in courses of
cloud computing and big data. In the latter, for instance, students use simulation to gen-
erate large data sets on which they can test different data analytics techniques. Alsaadani
and Bleil De Souza (2019) describe how universities are introducing SE to train architects
in building performance. They consider some simulation-education examples from the
literature and classify them into three different paradigms.
All in all, the previous review reveals a growing interest in the possibilities of SE as tool
not just for teaching courses to students of STEM degrees but also to train managers and
engineers from different industries and business.
Serious games to enrich the learning experience
As described in Mazur (2016), the learning process can be simplified in three main
blocks –behaviour, cognition, and affect–, and a number of interrelations among them.
For instance, it is well-known that cognitive levels benefit from positive emotional engage-
ment with the learning subject. Turner et al. (2018) highlight how online serious games
are valuable to reach better critical thinking skills and to improve the content knowl-
edge. Moreover, affect-related aspects such as motivation level and self-esteem are also
increased. In addition, serious games allow putting the player in realistic situations, where
they can learn through experience and improve their decision-making abilities. Serious
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games should be designed in a way that they provide the required mechanics to reinforce
the interrelations between behaviour, cognition, and affect, thus enriching the learning
experience. The game, sometimes through a storyline, requires the player to conduct a
number of actions that are clearly preestablished to achieve a given objective. The par-
tial outputs will depend on the player’s performance, and their decisions will result in
different consequential scenarios. In addition, as indicated by Lamb et al. (2018), serious
games should foster the emotional attachment to the outputs. Thus, the design of effi-
cient serious games is not a straightforward task, and it requires a deep understanding of
the underlying dynamics, and how they relate to the learning mechanics.
An efficient design of a serious game should guarantee that the level of demand by the
player is compatible with his/her knowledge and skills, that is, challenging enough to pro-
vide the player a satisfactory feeling when achieving the goals, and affordable enough to
prevent the player from discouraging and frustration. Thus, through progressing in the
game as a result of the improved skills, tasks also become more complex. When this bal-
ance is reached, the level of engagement of the player is such that he/she is fully immersed
in the learning process for a longer time period resulting in fewer distractions (Admiraal
et al. 2011) and in a more effective content retention (Hainey et al. 2011). This state is
known in Psychology as flow (Csikszentmihalyi 1997). Thus, serious games are an inter-
esting tool to support the learning process once the content has been already presented
in a more formal manner, e.g., through lectures (Rondon et al. 2013). Nevertheless, the
entertainment elements of the game might distract the attention of students if the seri-
ous game is not adequately designed (Bellotti et al. 2011) or correctly presented to the
students. Some studies note how learning the game mechanics adds an extra load to the
students that eventually lose the main focus of the game (Ameerbakhsh et al. 2019). In
fact, although both students and educators are becoming more comfortable with technol-
ogy, (Jarvis 1995) notices the concern of some students when including this type of tool
in the academic curricula. The benefits associated with the use of serious games in the
learning environment are not always easy to measure, although a good analysis of these
benefits is provided in Boyle et al. (2016). In some cases, the invested time in becoming
familiar with the game might not compensate for the learning outcomes. For that reason,
the game should be designed in collaboration with instructors, and further improvements
conducted if needed based on a comprehensive analysis of the learning achievements in
a validation process (Serrano-Laguna et al. 2018).
Benefits of simulation-based education
The proliferation of personal and portable computers along with the progress in hardware
and software experienced during the last decades has boosted the use of simulation-
based activities in higher-education programmes (Qudrat-Ullah 2010). The benefits of
SE have been documented by different authors, among them, Shapira-Lishchinsky (2015)
and Braghirolli et al. (2016). A summary is presented in Table 1 of the main benefits and
drawbacks identified in the literature regarding the use of simulation and serious games in
higher education. The table also includes some key references that discuss these benefits
and drawbacks in detail.
Many documents describe experiences in which these benefits are illustrated. For
instance, das Dores Cardoso et al. (2014) use SE in an automatic control course. They
conclude that simulation allows students to gather hands-on experience and skills in
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Table 1 Summary of benefits and drawbacks related to the use of simulation-education tools
Benefits Drawbacks & Limitations
Increased motivation for students Koh et al. (2010);
Klug and Hausberger (2009)
Combination of entertainment and learning is not
immediate Pechenkina et al. (2017)
Emotional attachment to outcome due to the use of
a constructivist approach (Olfat et al. 2013; Connolly
et al. 2012)
Games might distract from learning goals Rieber and
Noah (2008); Shelton and Scoresby (2011)
Construction of knowledge in safe environment
McManus and Rebentisch (2008); Ören et al. (2017)
Some students and instructors might require special
training while working with these technologies
Keskitalo (2011); Ören et al. (2017)
Fosters collaborative work skills Chapman and Martin
(1995); Okuda et al. (2009); Shah et al. (2019)
Difficulties to assess its effectiveness Girard et al.
(2013); Bellotti et al. (2013); Boyle et al. (2016)
Affective effects prior to cognitive processes
Vlachopoulos and Makri (2017)
Some educators might be reluctant to
methodological changes (White 2017)
Fosters critical thinking, problem solving and decision
making Pirker and Gütl (2015); Tzimerman et al. (2014)
Strong guidance might be required to avoid
disorganised knowledge Hauge and Riedel (2012);
Ören et al. (2017)
different realistic scenarios. In the area of operations management and finance, Curland
and Lyn Fawcett (2001) conclude that SE facilitates the acquisition of quantitative-
analysis skills among students without a strong mathematical background. Regarding
e-learning, Balci et al. (2013) point out the additional challenges associated with teaching
modelling and simulation to online students. They also provide some recommenda-
tions to overcome these challenges. Actually, SE is clearly an ideal resource in many
online courses due to its capacity to support the development of virtual laboratories
(Grasas et al. 2013; Ceberio et al. 2016).
In the case of STEM programmes, simulation games make it possible for students to
interact, in a safe environment, with models of real-life systems. Hence, students can
develop their skills and acquire experience in the use of those systems that will encounter
in their future professional careers. In most cases, only SE tools can provide students with
these skills and experience. Hence, they constitute the perfect complement to theoreti-
cal lectures. In the area of revenue management, (Cleophas 2012) introduce a framework
that facilitates the design of simulation games. As these authors state, simulation allows
students to experience realistic variations in customers’ demand and make the necessary
corrective decisions without incurring costly mistakes. Examples illustrating the use of
simulation-based games in education are abundant. For instance, Schäfer et al. (2013)
propose the learning of logical concepts by using a collaborative-competitive simulation
environment. Similarly, Rozhkova et al. (2016) describe an experience that involves the
use of simulation-based games to learn algebra and geometry. These games cannot only
be used for training purposes, but they can also include an evaluation component that
provides feedback and scores to students.
Case studies
This section presents various case studies where serious games and simulation software
have been implemented in different educational contexts. More precisely, the case of the
University of Cantabria (Spain) is based on a traditional on-campus learning approach;
the case of Universidade Aberta (Portugal) follows a pure online approach; while the case
of the Universitat Autonoma de Barcelona (Spain) presents a blended approach. In addi-
tion, a fourth case regarding Trinity College Dublin (Ireland) has been included as well. It
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highlights some gender-related aspects to be considered when designing and implement-
ing serious games and simulation software. Due to the present gender imbalance in the
number of students in STEM studies, this last case is of special interest.
A case study at the Universidad de Cantabria (Spain)
The Universidad de Cantabria (www.unican.es) is a medium-sized university in Spain,
with 12,000 registered students in graduate and undergraduate programs, mostly face-to-
face taught. Electronic Engineering and Electrical Engineering are two different degrees,
however, some first-year subjects are jointly taught, such as introductory programming
courses. In this context, during the academic year 2006/2007, 37 students of Electronic
Engineering and 48 of Electrical Engineering used a serious game to learn C-language
programming during the first year of the grade. The gender distribution was 80% male
and 20% female. The used software, developed by Universitat Politecnica de Valencia
(www.upv.es), can be adapted to the learning of different contents. The game features a
story plot where a submarine must accomplish a certain rescue mission. Questions about
C-language programming are asked within the game, and the student must answer cor-
rectly for the submarine to keep advancing. In the first stage, the right answers are offered
as feedback, so that the student can learn, or review previously learned contents. In the
second stage, the studentmust answer further questions, however, the correct answers are
not shown. In the third stage, there is an assessment within the game. The game was to be
used as training for a test where the students should answer similar questions. However,
the use of the game itself was not compulsory. The gaming had to be done by the student
in an autonomous way, outside the classroom, using their own resources or the univer-
sity’s resources available for students. The instructor could be contacted on demand for
any query.
Free direct feedback given by game players was positive but scarce, limited to only a
small number of students. The use of this game was discontinued after one academic year,
as no noticeable learning results were observed, as well as no general attitude of inter-
est towards it. The lack of interest was likely related to the fact that the activity was not
considered in the assessment of the course. The instructor’s view is that gaming activity
should be tutored inside the classroom in order to have any impact on learning. Alter-
natively, it should be integrated with an online learning environment such as Moodle, so
that the instructor can track the students’ activity and progress. We also believe the poor
results might be assigned to the game mechanics itself, as it is not actually related to the
contents being taught, but merely a container for questions and answers that could be
used for any topic.
A case study at the Universidade Aberta (Portugal)
The Universidade Aberta (UAb, http://portal.uab.pt) is a pure on-line Portuguese univer-
sity offering university degrees over the Internet to more than 8,000 students located in
different continents. An adapted version of the well-known Moodle (https://moodle.org)
platform for e-Learning is used in most of their courses. This case study analyses the
Advanced Optimisation course in the Doctoral degree in AppliedMathematics andMod-
elling, during the time period from academic year 2015/2016 to 2018/2019 (4 academic
years, one-course edition per year). All of the 5 to 8 students who take this module every
year exhibit a strong background in Mathematics, although not all the students show a
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good background in programming and/or simulation concepts. Approximately 60% of
them are male and 40% are female. Given that it is an online course, the students come
from different Portuguese-speaking countries, such as Portugal, Brazil, Angola, etc. These
students show a high degree of cultural heterogeneity and, of course, they live in different
time zones, which explains why an asynchronous learning model is required.
In this course, students have to deal with complex decision-making problems that
arise in real-life logistics, transportation, production, telecommunication, and financial
systems. Most of these problems are large-scale and they include stochastic as well as
dynamic components, which represent additional challenges for managers. During the
course, students have to analyse different heuristic-based algorithms –implemented in
programming languages, such as Java– that can effectively solve these problems in reason-
able computing times. Simulation techniques are usually integrated inside the heuristic
algorithm in order to deal with the real-life uncertainty that characterises some of these
systems (Juan et al. 2015). Also, visual representations of the solutions generated by the
algorithms are provided in order to obtain insights on how the different system com-
ponents –e.g., distribution routes in a multi-depot environment– interact among them
(Fig. 2).
According to the different information sources used, that is, students’ scores, stu-
dents’ opinions in the online forums about their learning process, and instructors’
view of the learning process, it can be concluded that the use of simulation tech-
niques and the visual representation of the solutions generated by the optimization
algorithms were key factors to enrich and extend the existing theoretical background
of the students so that they could link mathematical formulations and concepts to
real-life applications in different fields. Although students in the course enjoy the
possibility of learning new solving approaches that can effectively support managers
during complex decision-making processes, they also acknowledge the methodological
Fig. 2 Screen shot of a simulated solution to a logistics distribution problem
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challenges associated with the design and code implementation of such algorithms,
which usually require interdisciplinary skills in different areas, i.e., optimisation con-
cepts, advanced programming skills, and a good understanding of the specific application
field (logistics, telecommunication, finance, etc.) as well as of the manager’s utility
function.
A case study at the Universitat Autonoma de Barcelona (Spain)
With over 30,000 registered students in more than 250 degrees (including both
undergraduate and graduate programs), the Universitat Autonoma de Barcelona
(UAB, http://www.uab.cat) is one of the largest and most prestigious universities in the
area of Barcelona, Spain. Traditionally, UAB courses have been taught in a face-to-face
modality. However, at present, the UAB also offers some degree programs which follow
a blended learning paradigm via the support of online collaborative tools, such as Cisco
WebEx (https://www.webex.com). Using this tool, students from any part of the world can
follow the classes on-line and share their comments and questions with other students
who are physically located inside the class where the instructor is lecturing.
One of these degrees is the UAB MSc in Aeronautical Management, which includes a
course on theoretical and applied simulation. This case study analyses this master course,
during the time period from the academic year 2013/2014 to 2018/2019 (6 academic
years, one-course edition per year). The number of students per year ranges from 20 to
40, from which 65-70% of the students follow the course in a face-to-face format, while
the remaining 30-35% follow the course online from South America. These students
come with very different backgrounds, ranging from Aeronautical Management to Indus-
trial Engineering or even Business Administration. About 70% of the students are male,
while the remaining 30% are female. This course contains a lab in which students are
requested to use simulation software, such as Simio (https://www.simio.com) and Cast
(https://airport-consultants.com) to model and analyse different scenarios in the context
of airport and airlines management. For example, students can model a simple baggage
handling system and monitoring how its performance evolves over time under different
configurations (Fig. 3). By varying the components of the baggage handling system and
the available resources, students can obtain insight on how the process work and make
informed decisions about the right number of resources (assistants, vehicles, etc.) to be
assigned during the check-in and transportation stages. Similar analysis can be performed
on the security-control point, the boarding process (Mas et al. 2013; Carmona et al. 2014),
the aircraft turn-around process (Silverio et al. 2013; San Antonio et al. 2017), the aircraft
evacuation process (Estany et al. 2017), etc.
The possibility of using modern simulation software to build their own models of the
real-life systems allow students to promote their creativity and modelling skills, as well
as their understanding of how these systems work and how they can be improved (in
terms of some key performance indicators) by choosing the right set up, as confirmed
by students’ scores, students’ opinions in the online forums about their learning pro-
cess, and instructors’ view of the learning process during several years of interaction with
the described simulation tools and concepts. Moreover, the fact that modern software
benefits from the object-oriented paradigm also facilitates the development of complex
simulation models by simply using drag-and-drop actions on an extensive library of
objects.
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Fig. 3 Screen shot of a simple Simio model with monitoring graphs
A case study at Trinity College Dublin (Ireland)
Traditionally, the number of female students interested in Engineering degrees is low. In
the case of Ireland, women constituted only about 12% of the new entrants to engineer-
ing courses in the academic year 2017-2018. With the aim of attracting their interest in
the STEM careers, in the last years, Trinity College Dublin, (www.tcd.ie) has held 6-
weeks summer schools for groups of 10-15 female students of around 16 years old. Trinity
College Dublin, with 17,000 undergraduate and postgraduate students, is ranked within
the top 100 world universities in the 2017/2018 QS World University Ranking across
all indicators. Within this context, the Department of Mechanical and Manufacturing
Engineering developed and put into practice a tailor-made serious game for three years
(2014-2017). The game is designed for the player to make a series of decisions required
to manufacture hairdryers, e.g., the quantity to be manufactured, the selection of com-
ponents considering aspects such as materials and suppliers, business strategies, etc. The
main goal of the game is to show students specific job roles to enable them to envisage
the type of work they might perform as engineers. The students’ feedback collected by
questionnaires showed that the most enjoyable diary activity in the summer school was
the game, and in most of the cases, they continued playing at home. Nevertheless, further
information about the capacity of the game to engage students in engineering careers has
not been tracked.
When they designed the serious game, the mechanisms of cooperation and competition
put in place were thoroughly considered given the different attitudes between male and
female players, that is, women usually feel more comfortable cooperating than compet-
ing. In addition, students in pure competitive games do not benefit from the experiences
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and ideas of other colleagues. Nevertheless, competition is directly linked with the extrin-
sic motivation caused by a reward, as mentioned in “Introduction” section. An interesting
element of the hairdryer manufacture game, which might have been the cause of its suc-
cess in terms of popularity, is a newspaper where related pieces of news are released in
a humorous tone. In addition, students can also release their own communications. This
design component presents three advantages, i.e., to highlight the achievements of some
players, which is related to the extrinsic motivation, to create the feeling of community,
and to have fun, which both are related to the intrinsic motivation. In a second stage of
the game, a more challenging version, requiring the application of engineering decisions
is expected to be developed and used in the degree courses. The main goal is to avoid the
loss of interest of students in the first years of Engineering, given the large content of foun-
dation knowledge, without a straightforward application. Nevertheless, the development
of the software is subjected to temporal and economic limitations, given that this type of
activity is not seen as a priority, and there are not quantifiable indicators supporting their
utility.
Discussion
Despite applied to different fields, target students and countries, the insights gained with
each case seem to be consistent with the rest of the cases. In fact, recent literature address-
ing other case studies present well-aligned conclusions. For instance, like the cases of
the Universidade Aberta and the Universitat Autonoma de Barcelona, Milosz and Milosz
(2018) portray a case study in which simulation games are employed to train engineers
in logistics-related concepts. Areas such as logistics, transport, and smart cities offer a
clear environment where SE practices can be extremely useful in the training of new gen-
erations of decision-makers who do not necessarily have to certify a strong engineering
background. Luna et al. (2018) tested the impact of integrating various learning strate-
gies (i.e., simulation, serious games, case studies, andmultimedia cases) in the curriculum
of a Business Engineering course at the Universidad del Pacifico (Peru). Here, the use of
simulation and serious games is guided by the instructors. They conclude that simulation
games facilitate the development of students’ analytical thinking, as discussed in the case
study of the Universitat Autonoma de Barcelona.
In the field of marine ecology, Ameerbakhsh et al. (2019) used SE games to compare
a student-centred (active) training approach with a teacher-led (passive) approach. The
idea was to interact with a simulation game modelling a biomass production system.
Then, by properly setting this model, the goal was to increase the sustainability of the
marine environment. The study concluded that the participation of an expert instructor
could significantly enrich the experience of the students with the simulation model and
guide them better during their learning process. These results reinforce the idea that the
instructor’s support and guidance add value to the simulation-supported training process,
as observed in the case study of the Universidad de Cantabria. Also, this conclusion is
supported by Luna et al. (2018), who emphasises the fact that serious games need to pro-
vide goal-focused challenges for the users, and that the users should receive informative
feedback from both the game and the instructor.
Many works mention the enjoyable learning experience and how the students feel more
motivated when simulation and serious games are incorporated in their academic cur-
ricula, as highlighted in the case of Trinity College Dublin. Nevertheless, the adequate
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engagement of the students with these tools might require the recognition of the effort
and time invested when students are assessed. In addition, they also contribute to reduc-
ing the gap between theory and practice, which in some STEM areas might be quite
noticeable. This feature underpins the work of Reis and Kenett (2017), who present a set
of storyboards to illustrate the potential of simulation in higher education when training
students in a number of statistical methods.
Conclusions and future work
In areas such as engineering, science, technology, mathematics, and management, new
generations of employees will require to deal with increasingly complex systems in their
daily activities. Amongmany others, some examples of these systems are telecommunica-
tion networks, distributed computer systems, supply chains, civil infrastructure networks,
transportation systems, etc. These systems are not only characterised by their large scale
and the number of interactions among their components, but also by their levels of uncer-
tainty and dynamism. Hence, it becomes necessary to train students accordingly and
provide them with the analytical skills that they will need when designing, implement-
ing, and using these systems. Simulation education software, tools, and games constitute
an excellent methodological option to support instructors during the training process
since simulation allows for realistic models that students can employ during their learning
activities.
Among the many benefits provided by simulation education resources, their easy inte-
gration within blended and online courses is a remarkable fact that promotes their
expansion and popularity among universities and training centres worldwide. In effect,
simulation-based labs can be used by students located in different countries, universities,
and degrees. This in turn facilities the development of interdisciplinary skills, teamwork
abilities, and multi-cultural learning processes. Hence, we can think about simulation
education as not only a popular educational resource, but as one that will still increase its
presence in modern degrees curricula.
The following research lines are aimed to be explored in the future; (i) an analysis of
how simulation education tools are currently being used in blended and online educa-
tion; and (ii) a discussion on how simulation education can also contribute to enhancing
the learning and teaching experience in interdisciplinary master courses, where students
show different backgrounds and skills.
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